Hepatitis B virus X protein (HBx) is involved in intrahepatic inflammatory processes by inducing several pro-inflammatory cytokines. It has been suggested that these inflammatory processes play an important role in causing hepatocarcinogenesis. In this study, we investigated the role of HBx in the expression of lymphotoxin a (LTa) in hepatoma cells such as Huh-7 and Chang. Our experiments showed that (i) transient HBx expression in Huh-7 cells up-regulated LTa mRNA expression; (ii) this up-regulation was predominantly affected by HBx-induced nuclear factor-nB (NF-nB) activation. In addition, the HBx-induced NF-nB activation was decreased by the treatment of LTa neutralizing antibodies in a dose-dependent manner. We conclude that HBx up-regulates LTa expression at the transcriptional level through an NF-nB-dependent mechanism and, therefore, the up-regulated LTa may be secreted and involved in the HBx-induced NF-nB activation. D
Introduction
The hepatitis B virus (HBV) is the major cause of liver cirrhosis and hepatocellular carcinoma [1, 2] . The HBV genome is a circular 3.2-kilobase partially double-stranded DNA, consisting of four viral genes, one of which encodes for hepatitis B virus x protein (HBx), which consists of 154 amino acids [3] . HBx is known to play a major role in the development of liver disease [4] . The HBx-transcript shows the most significant accumulation of viral RNAs from the HBV genome, which is integrated into hepatocyte chromosomes during the development of hepatocellular carcinoma [5] .
HBx can trans-activate a wide range of cellular genes, including several cytokines and growth factors [6] . The promoters of several cellular genes have been reported as possible targets for HBx-induced trans-activation through transcription factors such as nuclear factor-nB (NF-nB), activating transcription factor (ATF)/cyclic AMP response element binding protein (CREB), activating protein-1 (AP-1) and activating protein-2 (AP-2), CCAAT/enhancer-binding protein (C/EBP), and early growth response factor-1 (Egr-1) [7] . Although there is considerable evidence that HBx plays important roles in hepatocarcinogenesis, the details of how HBx is implicated in the intrahepatic inflammatory processes are still not clear. Furthermore, it is thought that host immune responses accompanying HBV infection can cause tissue damage, since HBV is not directly cytotoxic to the liver [8, 9] . In the course of immune response, both virus-induced and host-derived cytokines contribute to viral clearance, hepatocyte regeneration, and tumor formation [8, 10] . Recently, it has been reported that HBx is involved in the intrahepatic inflammatory processes Abbreviations: GAPDH, glyceraldehyde 3V-phosphate dehydrogenase; HBV, hepatitis B virus; HBx, hepatitis B virusÂprotein; IKK, InB Kinase; IL, interleukin; LT, lymphotoxin; NF-AT, nuclear factor of activated T cells; NF-nB, nuclear factor-nB; TNFa, tumor necrosis factor aby inducing, not only pro-inflammatory cytokines, but growth factors such as interleukin (IL)-6, IL-8, IL-18, tumor necrosis factor a (TNFa), and transforming growth factor h 1 (TGFh 1 ) [7] .
Lymphotoxin (LT) a is a pleiotropic cytokine which mediates a wide range of inflammatory, immunostimulatory, and antiviral responses [11] . LTa exists as a homotrimeric molecule and is secreted due to the presence of a signal peptide [12] . LTa and TNFa are 28% identical in their amino acid sequences. Although TNFa has been reportedly produced by a wide variety of cell types, including endothelial cells, lymphocytes, fibroblasts, neutrophil cells, and several tumor cells, it seems that LTa is produced by lymphocytes only [11, 13] . Recently, however, it has been discovered that LTa and LTh are detectable in some hepatoma cells and hepatitis C virus (HCV)-infected liver cells [14, 15] . Furthermore, LTa and TNFa have now been shown to possess the same receptors, TNF receptor p55 (TNF-R55) and TNF receptor p75 (TNF-R75) [16, 17] . Specifically, TNF-R55 is known to elicit a broad range of LTa and TNFa biological activity, including NF-nB activation pathway by an InB kinase (IKK)-InB-dependent mechanism [16, 18, 19] . IKK is tightly linked to NF-nB activation and is composed of three subunits: IKKa, IKKh, and IKKg [20] . IKKh, but not IKKa, is the catalytic subunit required for canonical NF-nB activation by common proinflammatory stimuli, such as TNFa, IL-1, and LPS [21] . However, IKKa is essential for noncanonical NF-nB activation in response to certain stimuli, such as receptor activator of NF-nB ligand (RANKL), B lymphocyte stimulator (Blys/BAFF), and LTh, although it is not required for the response to common pro-inflammatory stimuli [22] .
TNFa gene expression is up-regulated by HBx in hepatocytes [23] . Although LTa has been reported to have a similar biological activity to TNFa [17] , there is no information concerning the relationship between HBx and LTa. In this study, we have investigated whether HBx can induce LTa expression in hepatoma cells, Huh-7 and Chang. Our results demonstrate that LTa expression is up-regulated by HBx in a manner dependent on NF-nB. In addition, we have examined the possibility that up-regulated LTa activates NF-nB.
Materials and methods

Vector constructions
pHBV1.2x has already been described [15] . pCMV-HA/HBx was constructed by cloning the HBx gene generated by a polymerase chain reaction (PCR) using pHBV1.2x as a template in the EcoRI site in pCMV-HA (Clontech). The LTa gene was obtained by PCR using LTa specific forward (5V-CTCCCCATGACAC-CACCTGAACGTC-3V) and reverse (5V-CTACAGAG-CGAAGGCTCCAAAGAAG-3V) primers from the Huh-7 cell cDNA library. pGEM-T/LTa was constructed by cloning the LTa gene into pGEM-T easy vector (Promega). The À306-+84 region of the LTa gene promoter was amplified using forward (5V-AGGTACCCAGCTGCT-CAACCACCTCCT-3V) and reverse (5V-AAAGCTTTG-CTGGGCGGTAGTCCAAAG-3V) primers from Huh-7 cell genomic DNA. pLTa-Luc was constructed by cloning the À306-+84 region of the LTa gene promoter at the upstream region of the luciferase reporter gene in the PGL3 basic plasmid (Promega). pLTa-Luc Point and pLTa-Luc Del were generated by a Quikchange XL Site-directed Mutagenesis Kit (Stratagene) using point mutation primer (5V-TATCTT-CTAAGCCCTGGTATCTTCCCCGGGCCCCAG-3V) and deletion mutation primer (5V-CTTCTAAGCCCTGCG-GGCCCCAGC-3V): pLTa-Luc was used as a template. All constructs were confirmed by nucleotide sequencing. pCMV/ h-Gal was constructed by inserting a h-galactosidase gene fragment into pRc/CMV (Invitrogen). The construction of pFLAG-IKK-a, pFLAG-IKK-a/DN, pFLAG-IKK-h, pFLAG-IKK-h/DN, and pNF-nB-luciferase was described previously [24, 25] .
Cell culture and transfection
Huh-7, Chang, and Chang-x cell lines were cultured in Minimum Essential Medium Eagle (Sigma) supplemented with 10% fetal bovine serum (Invitrogen), at 37 8C with 5% CO 2 . Huh-7 cells were transfected with each expression vector using FuGENE6 Transfection Reagent (Roche), according to the conditions indicated by the manufacturer. Chang-x cell line was obtained by transfecting Chang cells with pcDNAk3.1-Hygro/HBx (Invitrogen). The candidate clones were selected with medium containing 0.2 mg/ml hygromycin (Sigma). The expression of HBx was analyzed by Western blot.
Dot-blot analysis
Forty-eight hours after transfection, the total RNA was isolated from Huh-7 cells by TRIzolR Reagent according to conditions indicated by the manufacturer. Forty micrograms of the total RNA was loaded onto nylon-based membranes, GeneScreen PlusR (NEN), using a Bio-DotR Microfiltration Apparatus (Bio-Rad). After baking the membrane at 80 8C for 2 h, the membrane was prehybridized with prehybridization solution at 42 8C in a hybridization oven for 3 h and then hybridized with [a-32 P]dCTP (NEN)-labeled probes at 42 8C in a hybridization oven for 20 h. After hybridization, it was washed with 2Â SSC/0.5% SDS (5 min, RT), 2Â SSC/ 0.1% SDS (15 min, RT), 0.1Â SSC/0.1% SDS (2 h, 65 8C), 0.1Â SSC (briefly, RT). Each membrane was then exposed to Imaging Plate (IP) for 6 h and scanned on an FLA-2000 (Fuji).
Reverse transcription PCR (RT-PCR) and Southern blot
Forty-eight hours after transfection, the total RNA was isolated from Huh-7 cells by TRIzolR Reagent, according to the conditions indicated by the manufacturer. The total RNA was treated with RNase-free DNase I (Takara) at 37 8C for 30 min and the DNase I was inactivated by heating it at 65 8C for 10 min. Single-strand cDNA was synthesized from 1 Ag of the total RNA by AMV-Reverse Transcriptase (Promega) with an oligo-dT 14 , according to the conditions indicated by the manufacturer. One tenth of each cDNA was amplified by PCR with Hot start taq DNA polymerase (Takara). The sequences of the primers for LTa and GAPDH were as follows: LTa specific forward (5V-CTCCCCATGACACCACCT-GAACGTC-3V), LTa specific reverse (5V-CTACAGAGC-GAAGGCTCCAAAGAAG-3V), GAPDH specific forward (5V-ATCATCCCTGCCTCTACTGG-3V), GAPDH specific reverse (5V-TGGGTGTCGCTGTTGAAGTC-3V). PCR was performed at the following conditions: 1 cycle (95 8C for 5 min), 30 cycles (95 8C for 50 s, 64 8C for 50 s, 72 8C for 50 s), 1 cycle (72 8C for 7 min). The amplified products were then analyzed on a 1.5% agarose gel.
The amplified DNA was transferred from the agarose gel onto a positively charged nylon membrane, GeneScreen Plus (NEN), overnight at room temperature (RT) by the capillary alkaline transfer method [26] . The membrane was neutralized with neutralization solution, 0.5 M Tris (pH 7.2)/1 M sodium chloride (NaCl), for 15 min and then prehybridized with prehybridization solution at 42 8C in a hybridization oven for 2 h. It was hybridized with [a-32 P]dCTP (NEN)-labeled LTa specific probes produced by PCR of pGEM-T/LTa at 42 8C in a hybridization oven for 6 h. After hybridization, it was washed with 2Â SSC/0.5% SDS (5 min, RT), 2Â SSC/ 0.1% SDS (15 min, RT), 0.1Â SSC/0.1% SDS (2 h, 65 8C), 0.1Â SSC (briefly, RT). Each membrane was then exposed to Imaging Plate (IP) for 1 h and scanned on an FLA-2000 (Fuji).
Immunofluorescence Staining
Huh-7 cells cultured on a coated slide were transfected with pCMV-HA and pCMV-HA/HBx. Forty-eight hours after transfection, the cells were fixed with 100% methanol at À20 8C for 5 min. They were then incubated with 1% bovine serum albumin (BSA) blocking solution in phosphate buffered saline (PBS) and then with a 1:100 diluted monoclonal anti-LTa antibody (9B9, Chemicon) for 1.5 h. After that, they were washed individually three times for 5 min each in PBS. Then, the cells were incubated with a 1:100 diluted anti-mouse fluorescein isothiocyanate (FITC) conjugated secondary antibody for 40 min. Each time the cells were washed three times for 5 min with PBS and visualized with a fluorescence microscope (BX51, Olympus). Chang and Chang-x cells were also stained by the same method.
Enzyme-linked immunosorbent assay (ELISA)
Cultured media were collected and stored at À70 8C until analysis. For the quantitative determination of LTa concentrations in the media, the ELISA procedures were performed according to conditions indicated by the manufacture (R&D). Amounts of LTa were quantified at 450 nm with an Emax precision microplate reader (Molecular Devices). All the samples were assayed in an identical manner and the mean of the samples was obtained. All the experiments were repeated three times.
Reporter gene assay
Huh-7 cells were seeded onto a 12-well plate. At 30% confluence, the Huh-7 cells were transfected with the individual expression vector, as indicated in the figures, along with the reporter plasmids (0.05 Ag/well) and pCMV/h-Gal (0.05 Ag/well) using an FuGENE6 Transfection Reagent (Roche), according to conditions indicated by the manufacturer. The amount of total DNA (0.5 Ag/well) was kept constant by supplementing it with control vectors. The recombinant LTa (BD), recombinant TNFa (BD), anti-LTa neutralizing antibody (9B9, Chemicon), anti-TNFa neutralizing antibody (R&D) and their matched isotype controls (R&D) were added 24 h after transfection and then incubated for 24 h. After 48-h incubation, luciferase activity was determined using the Luciferase Assay System (Promega), under the conditions indicated by the manufacturer. Luciferase activity was normalized for transfection efficiency using the corresponding h-Gal activity.
Electromobility shift assay (EMSA)
Nuclear extracts were obtained by the method described previously [27] . The binding reaction was performed in a binding buffer containing 10 mM Triscl (pH 7.5), 10 mM dithiothreitol (DTT), 100 mM NaCl, 1 mM ethylenediaminetetraacetic acid (EDTA), 0.2 mM phenylmethyl sulfonyl fluoride, 5% glycerol, 1 mg/ml bovine serum albumin, 1 Ag of poly(dI-dC), 10 Ag of nuclear extracts, and 100,000 cpm of [g-32 P] dATPlabeled probe at room temperature for 20 min. The complexes were separated on 4% neutral polyacrylamide gel with 0.5Â TBE as running buffer. Competing experiments were done with a 100-fold molar excess of cold probe. All the dried gel was exposed to Imaging Plate (IP) for 5 h and scanned on an FLA-2000 (Fuji). The oligonucleotides that were used as probes were both LTa probe (5V-TAAGCCCTGGGGGCTTCCCCGGGC-3V) and LTa mutant probe (5V-TAAGCCCTGGTAT-CTTCCCCGGGC-3V).
Statistics
Data were shown as means with standard deviation (S.D.) from n independent experiments. The significance of the difference between the assayed samples was determined using a Student's t test. Pb0.05 was considered significant.
Results
Expression of LTa mRNA was up-regulated by transient HBx expression in Huh-7 cells
The up-regulation of LTa mRNA expression was analyzed in Huh-7 cells transfected with pCMV-HA/ HBx using dot-blot and RT-PCR analysis. The LTa mRNA was detected in Huh-7 cells transfected with pCMV-HA/HBx, but LTa mRNA was not detected in either Mock Huh-7 cells or those transfected with a control plasmid, pCMV-HA (Fig. 1A and B) . The amplified RT-PCR products were confirmed by Southern blot analysis (Fig. 1B) .
LTa up-regulation was predominantly affected by HBx-induced NF-jB activation
To characterize the role of NF-nB on LTa transcriptional up-regulation, we performed co-transfection experiments using IKKa, IKKh, or each of the dominant negative forms (Fig. 2A) . Co-transfection of pFLAG-IKK-a/DN and pCMV-HA/HBx led to a 2.6-fold decrease in LTa mRNA expression compared to the control transfected with pCMV-HA/HBx alone ( Fig. 2A,  lanes 2 and 3) , and pFLAG-IKK-h/DN led to a 61.2-fold decrease ( Fig. 2A, lanes 2 and 4) . Moreover, cotransfection of pFLAG-IKK-a and pCMV-HA/HBx led to a 1.2-fold increase in LTa mRNA expression compared to the control transfected with pCMV-HA/ HBx alone ( Fig. 2A, lanes 2 and 5) , and pFLAG-IKK-h led to a 2.9-fold increase ( Fig. 2A, lanes 2 and 6) . The amplified products were confirmed by Southern blot analysis using LTa specific probes ( Fig. 2A) . Considering the relative decreases and increases, these differential expression patterns of LTa mRNA were similar to those of NF-nB activities being modulated by IKK coexpression (Fig. 2B, lanes 1 to 6) . However, without HBx co-expression, neither IKKa nor IKKh induced a significant LTa mRNA expression in Huh-7 cells, although high levels of NF-nB activity were observed ( Fig. 2A and B, lanes 7 and 8) .
Expression of LTa protein was up-regulated in both the Huh-7 cells and Chang cells
To investigate whether the up-regulated LTa mRNA was translated into protein, we performed immunofluorescence staining analysis for the detection LTa protein in the secretory pathway of ER-Golgi complex. LTa was not detected in Huh-7 cells transfected with pCMV-HA. In contrast, LTa specific immunofluorescence was detected in Huh-7 cells, which is indicated by arrows (Fig. 3A) . Next, we examined the production of LTa protein in Chang-x cells, the derivatives of Chang cells, which expressed HBx protein in a stable manner. Changx cells were positively stained for LTa; however, no staining was seen in Chang cells (Fig. 3B) . Next, we investigated whether LTa protein was secreted in the medium by ELISA. LTa was not detected in the medium of Huh-7 cells transfected with pCMV-HA (Fig. 3C, lane  1) . However, Huh-7 cells produced 8. (Fig. 3C, lanes 2 and 3) . Moreover, the secreted levels of LTa were also affected by IKK co-expression, as shown in LTa mRNA expression ( Figs. 2A and 3C ). Co-transfection with pFLAG-IKK-h/DN and pCMV-HA/HBx resulted in a 3.1-fold decrease in LTa secretion compared to the control transfected with pCMV-HA/HBx alone (2.8 pg/ 10 6 cells in 48 h) (Fig. 3C, lanes 2 and 4) , and co- transfection with pFLAG-IKK-h and pCMV-HA/HBx resulted in an 1.9-fold increase (16.5 pg/10 6 cells in 48 h) (Fig. 3C, lanes 2 and 5) . The Huh-7 cells also produced 4.8 pg/10 6 cells in 48 h of secreted LTa by transfection with pFLAG-IKK-h alone (Fig. 3C, lane 6) .
HBx activated NF-jB, which was bound to LT-jB site within LTa promoter
We were able to demonstrate that HBx induced fivefold activation of NF-nB in Huh-7 cells transfected with pCMV-HA/HBx, compared to Huh-7 cells transfected with pCMV-HA (Fig. 2B, lanes 1 and 2) and it was reported that there was a putative NF-nB binding site, named LT-nB, in LTa promoter region [28, 29] . To investigate possible DNA binding of activated NF-nB by HBx to LT-nB site, we performed EMSA using an LTa probe including an LT-nB site in Chang and Chang-x cells. EMSA revealed that NFnB binding to the LT-nB site was significantly increased in Chang-x cells (Fig. 4B, lanes 1 and 2) . Furthermore, it was shown that NF-nB binding complex was not detected using an LTa mutant probe (Fig. 4B, lane 3) . In addition, a 100-fold excess of unlabeled LTa probe completely inhibited the NF-nB binding complex (Fig. 4B, lane 4) .
LT-jB site was involved in HBx-mediated trans-activation of the LTa promoter
To determine whether NF-nB binding to an LT-nB site was really involved in LTa expression up-regulated by HBx, we constructed three plasmids containing wild, point-and deletion-mutated LTa promoter region fused to the luciferase reporter gene (Fig. 4A) . pLTa-Luc was trans-activated 2.5-fold by HBx after pCMV-HA/HBx was co-transfected into Huh-7 cells; however, there was no change in promoter activity in the case of pLTa-Luc Point and pLTa-Luc Del (Fig. 4C ).
Up-regulation of LTa by HBx contributed to the NF-jB activation in Huh-7 cells
To confirm the activity of LTa neutralizing antibody and TNFa neutralizing antibody, Huh-7 cells were incubated for 24 h with 5 ng/ml recombinant LTa and TNFa that were mixed with their serially dilute antibodies. The results show a concentration-dependent inhibition of NF-nB activity that was up-regulated by recombinant LTa and TNFa (Fig. 5A  and B) . In order to determine whether up-regulated LTa and TNFa participated in NF-nB activation, we examined the effect of LTa and TNFa neutralizing antibodies. pCMV-HA/HBx transfection induced a 5-5.2-fold increase in NFnB activity in Huh-7 cells compared to pCMV-HA (Fig.  6A-C, lanes 1 and 2) . This result showed an antibody concentration-dependent inhibition of NF-nB activity. Furthermore, this inhibition was saturated at the points indicated by arrows (Fig. 6A and B) . Treatment with 1.8 Ag/ml of LTa neutralizing antibody led to a 33% saturated decrease in NF-nB activation induced by HBx (Fig. 6A) . A 32% saturated decrease in NF-nB activation was induced by treatment with 0.01 Ag/ml of TNFa neutralizing antibody (Fig. 6B) . In a double neutralizing experiment, treatment with both LTa and TNFa neutralizing antibodies led to a Fig. 2 . The effect of NF-nB activation on HBx-induced LTa mRNA expression. (A) Huh-7 cells were co-transfected with indicated plasmids and incubated for 48 h at 37 8C with 5% CO 2 . The expression level of LTa mRNA was analyzed by RT-PCR, as described in Materials and methods. GAPDH cDNA was co-amplified with LTa cDNA as the internal control. The amplified products were analyzed by Southern blot using LTa specific probes. A representative figure of three independent experiments with similar results was shown. The intensities of amplified bands were quantified using 1D Image Analysis Software (Kodak) and were shown as mean plus standard error for n=3. Some error bars are too small to be seen. (B) pNF-nB-luciferase was co-transfected into Huh-7 cells with indicated plasmids. Forty-eigth hours after transfection, NF-nB activities were measured by luciferase reporter gene assay, as described in Materials and methods. The luciferase activities were shown as mean plus standard error for n=3. *, Pb0.05 versus Huh-7 cells transfected with pCMV-HA/ HBx, by Student's t test.
46% saturated decrease in NF-nB activity (Fig. 6C) . Moreover, the matched isotype control antibodies, mouse IgG1 and goat IgG, resulted in no changes in NF-nB activity (Fig. 6A-C) . Our results revealed that the decrease in NFnB activation using an LTa neutralizing antibody was almost equal to that obtained using an TNFa neutralizing antibody.
Discussion
The TNFa signaling pathway result in not only apoptosis through a caspase cascade, but also an activation of proinflammatory gene expression through the induction of NFnB activation, which is implicated in the development of liver disease [30] . Interestingly, in our previous cDNA microarray analysis, we found that LTa expression increases 14 times more than that in the primary normal human hepatocytes by HBV infection (S.G. Park and G. Jung, unpublished data).
In the present study, we have shown that LTa expression was up-regulated at the transcriptional level by HBx in hepatoma cells such as Huh-7 and Chang. Furthermore, LTa up-regulation was also observed at the protein levels. It was reported that NF-nB activation plays an essential role in the induction of IL-6 and IL-8 by HBx [31, 32] . In order to examine whether the major transcription factor involved in mediating the up-regulation of LTa is NF-nB, we used wild and dominant negative forms of IKKa and IKKh. The suppression of NF-nB activity by IKKa and IKKh dominant negative forms resulted in a dramatic inhibition of HBx-mediated LTa mRNA up-regulation. Moreover, an enhancement of LTa mRNA up-regulation was shown by IKKh. These results indicate that NF-nB activation plays a critical role in HBx-mediated LTa mRNA expression. In consideration of the influence of NF-nB on LTa mRNA expression, we hypothesized that NF-nB activation is sufficient for HBx-mediated LTa mRNA up-regulation. However, the strong NF-nB activation by IKKa and IKKh did not induce significant LTa mRNA up-regulation. Our data provide evidence that NFnB activation alone is not sufficient to induce LTa mRNA expression. It has been reported that NF-nB and CCAAT/ enhancer-binding protein-like(C/EBP-like) cis-elements are essential for HBx-induced IL-8 expression, but neither NFnB alone nor C/EBP alone was sufficient [32] . In addition, we have obtained similar results for the secreted LTa protein level detected by ELISA.
We have shown that HBx induced fivefold activation of NF-nB that was bound to the LTa probe containing an LTnB site. To further investigate the role of NF-nB in LTa expression, we constructed a human LTa promoter À306-+84 region. It is 88% homologous with murine LTa promoter À293-+77 region, where mutation of the LT-nB site reduces its promoter activity [28] . As expected, pLTaLuc was able to promote a good response to HBx; whereas both constructs pLTa-Luc Point and pLTa-Luc Del, which contain mutated LT-nB sites, were unable to do so. Interestingly, NF-AT, not NF-nB, is involved in the HBxmediated trans-activation of TNFa promoter [23] . Although LTa and TNFa initiate similar biological activities [17] , these results indicate that there are some differences in their trans-activation mechanisms induced by HBx.
The fact that the TNF-R55, triggered by LTa and TNFa, induces NF-nB activation is one of the best characterized signaling pathways [33] . We investigated the possible involvement of LTa and TNFa in NF-nB activation using their neutralizing antibodies. This work demonstrated that each neutralizing antibody reduced NF-nB activity, in a dose-dependent manner, to the saturation point. In addition, NF-nB activity was not reduced more by treatment of antibodies beyond the saturation point. Therefore, it can be inferred that each antibody almost neutralized the secreted LTa and TNFa at saturation point concentration. This observation is highly suggestive of a participation of LTa and TNFa in HBx-induced NF-nB activation. It was reported that HBx activates NF-nB by acting on InBa and p105 cytoplasmic inhibitors of rel-related proteins [34] . Consequently, we speculated that the remaining 54% of NFnB activity after treatment with both LTa and TNFa neutralizing antibodies was intracellular activation of NFnB by HBx and other unknown factors. In agreement with our results, anti-IgE and Stem Cell Factor induce TNFa expression and NF-nB activation in human lung mast cells. Fig. 6 . Effect of LTa and TNFa neutralizing antibodies on NF-kB activation by HBx. (A) pNF-nB-luciferase was co-transfected into Huh-7 cells with either pCMV-HA or pCMV-HA/HBx. Twenty-four hours after transfection, Huh-7 cell were treated with indicated concentrations of LTa neutralizing antibody. After 24-h further incubation at 37 8C with 5% CO 2 , NF-nB activities were analyzed by luciferase reporter gene assay, as described in Materials and methods. NF-nB activity was also analyzed by luciferase reporter gene assay using either TNFa neutralizing antibody (B) or both LTa and TNFa antibodies (C). The same concentrated respective isotype control antibodies (mouse IgG1 and goat IgG) were used as negative controls. The luciferase activities were shown as mean plus standard error for n=3. *, Pb0.05 versus Huh-7 cells transfected with pCMV-HA/HBx and also treated with the same concentrated isotype control antibody by Student's t test.
Further, treatment of TNFa neutralizing antibodies results in a reduction of NF-nB activation by anti-IgE in the presence of Stem Cell Factor [35] .
In this report, we first showed that LTa expression is induced by HBx through an NF-nB-dependent manner in hepatoma cells. Furthermore, it was suggested that LTa can induce NF-nB activation similar to that of TNFa, which may participate in viral clearance, the process of angiogenesis, and the progression of viral liver disease [8, 23] . In conclusion, it is suggested that LTa, as well as TNFa from hepatocytes themselves, may be a possible regulator in the development of disease in HBV-infected hepatocytes. However, the experimental system we employed was only based on hepatoblastoma cells. To lend support to this suggestion, the expression of LTa in HBV-infected liver remains to be demonstrated.
